Introduction. Adverse childhood experiences (ACE) result in somatic and mental health disturbances. Their influence on antenatal depression is scarcely studied. This study examined the association between experience of ACE and antenatal depressive symptomatology. Material and methods. 1257 women from 172 antenatal clinics in Sweden were surveyed during pregnancy and 1 year after delivery. Demographics, previous medical history and Edinburgh Postpartum Depression Scale (EPDS) were collected in pregnancy and postpartum and ACE 1 year postpartum. ACEs were partitioned into 10 categories. Statistical analyses used linear and logistic regression with EPDS score as main outcome measure. Results. 736 (58.6%) women reported at least one ACE category and 88 women (7%) reported five or more ACE categories. An EPDS score of ≥13, which qualifies for a probable depression diagnosis, was reported by 277 (23%) women. In simple regression analyses the EPDS score was positively associated with the number of ACEs, cigarette smoking before pregnancy, body mass index and psychiatric disorders, whereas education level was inversely associated. In a multiple regression analysis, ACEs, education level and psychiatric disorder remained associated to the EPDS score. Among women with an ACE score ≥5, the odds ratio of having an EPDS score indicating probable depression was 4.2 (CI 2.5-7.0). Conclusions. ACE was commonly reported. ACE and depressive symptomatology in late pregnancy were strongly associated in a dose-response manner. Women with several ACEs had high odds of depressive symptomatology in late pregnancy and were more likely to report depressive symptoms both in late pregnancy and postpartum.
Introduction
The prevalence of antenatal mild to severe depressive symptoms (DS) was estimated to 9.5% in a recent metaanalysis (1) and 13 .8% in a recent cross-sectional Swedish study (2) . Antenatal depression may be more common than once perceived and may be even more prevalent than postpartum depression (3, 4) .
Antenatal depression shares common criteria for depressive episodes (5, 6) . Maternal consequences of depression include increased distress, decreased social and occupational capacity, and need of more healthcare services (7) . In addition, depressed women may have fewer antenatal check-ups and higher antenatal morbidity, as well as further obstetrical complications than nondepressed women (8) (9) (10) .
Antenatal depression is a strong predictor for postpartum depression (3) . Postpartum depression implies reduced mother-child interaction (11, 12) . Additionally, 30-50% of women with postpartum depression risk relapsing in future pregnancies (13) . Maternal depression carries immediate and long-term risks and consequences for the development of the next generation (14) , such as withdrawn behavior, less positive emotional state, reduced motor development and more insecure attachment (15, 16) .
To improve prevention and treatment of antenatal depression, it is important to understand its precursors. According to current knowledge, several factors are linked to antenatal depression, such as <12 years of education, chronic somatic and psychiatric illness, low socioeconomic status and being of a minority ethnicity. Having suffered from child abuse also increases predisposition (8, 9, 13) . Adverse childhood experiences (ACE) is a concept where a range of traumatic events during the first 18 years in life are assessed (17) . ACE includes measures of emotional, sexual and physical abuse as well as different forms of household dysfunction (17) (18) (19) (20) (21) . The influence of ACE on antenatal depression is scarcely studied (8, 9) and to our knowledge not in a European setting.
The aim of the present study was to examine the association between accumulated ACE and antenatal DS and further to examine to what extent women who report antenatal DS also report DS postpartum. We hypothesized that ACE was positively associated with depressive symptomatology.
Material and methods
This longitudinal study of women's health before, during and after pregnancy is based upon three questionnaires (Q1, Q2, Q3) distributed to women who came to their first visit for registration in the national antenatal screening program during 2012-2013. Material and methods have been presented previously by Stern et al. (22) . Q1 included data on sociodemographic characteristics, Q2 on depressive symptoms and Q3 on adverse childhood experiences. In all, 196 antenatal clinics in nine Swedish counties were invited to participate, of which 153 (71%) clinics accepted the invitation. Clinics were chosen to achieve a diverse range of socioeconomic characteristics among participants. To increase the proportion of foreign-born women, 19 antenatal clinics in the capital region were recruited (22) .
During the recruitment period there were 5796 enrolments, of which 3389 (62%) women chose to participate. Q1 was distributed by the midwife at the antenatal clinic and the following two were sent to the participants by post together with a prepaid return envelope.
Those who answered Q1 received Q2, and the 2018 women who answered Q2 received Q3. Of these, 1257 women (62% of Q2 receivers, 23% of those initially approached) answered Q3. Exclusion criteria for Q3 were reported miscarriage, multiple birth and not speaking Swedish. Q1 was translated into English and Arabic. However, as only a very few women with foreign languages participated in Q1, translation of the follow-up questionnaires was discontinued. Women who had not responded within 2 weeks received a reminder. Women responded to Q1 at a mean of 9.6 (SD 3.5) and Q2 at a mean of 31.9 (SD 1.7) weeks of gestation, and to Q3 at a mean of 52.8 (SD 3.9) weeks postpartum.
Data on sociodemographic characteristics were collected from Q1 and included age, origin, parity, highest educational attainment, monthly household income and any previously diagnosed psychiatric [attention deficit hyperactivity disorder (ADHD), bipolar disease, depression, anxiety, eating disorder] or somatic medical disorders (allergy, asthma, diabetes, endometriosis, epilepsy, thyroid disease, heart disease, hypertension, joint pain, kidney disease, chlamydia infection, polycystic ovary syndrome, back pain). As for monthly household income, 11 categories were made with 10 000 SEK-intervals, corresponding to intervals of approximately 1230 USD. Foreign origin was coded if the women herself and/or both of her parents were born outside of Sweden.
To assess DS, the Edinburgh Postpartum Depression Scale (EPDS) from Q2 and Q3 was used. The EPDS is a 10-item questionnaire developed as a screening tool for postpartum depression. Each question was scored from zero to three, yielding a maximum of 30. Higher scores represented a higher degree of depressive symptomatology. The EPDS is the most frequently used screening tool for postpartum depression and is also validated to determine depressive symptomatology during pregnancy (23) (24) (25) . Suggested cut-off values for probable depression are 12/13 (24) . The cut-off value is contingent on the point time for screening, suggesting lower cut-offs later in pregnancy (23) (24) (25) .
Questions about ACE were collected from Q3. The ACE survey originates from a study conducted by Felitti et al. in 1998 encompassing 10 ACE categories (26) . All ACE questions referred to the woman's first 18 years of life. Between one and eight questions were asked about each type of ACE and each ACE category was coded as experienced or not experienced (26) . The number of ACE categories was added up to produce an ACE score ranging from zero to 10. The categories were coded in the same way as in the original ACE study (26) but some changes were made in physical abuse, sexual abuse, emotional and physical neglect, and domestic violence to comply with Swedish legislation and general perception of the concepts. These ACE categories were coded as not experienced unless any of the criteria below was true.
Physical abuse was coded if the answer was anything other than never, to at least one of the two questions: "How often did it occur that a parent, stepparent or adult living in your home actually pushed, grabbed, shoved, slapped or threw something at you?" and "Hit you so hard that you had marks or were injured?". This alteration of lowered cut-offs was made because any kind of child corporal punishment is prohibited by Swedish law.
Sexual abuse consisted of four questions about whether an adult, older relative, family friend or stranger at least 5 years older than themselves had ever: "Touched or fondled your body in a sexual way?"; "Had you touch or fondle your body in a sexual way?"; "Attempted to have any type of sexual intercourse (oral, anal, or vaginal) with you?"; or "Actually had sexual intercourse (oral, anal or vaginal) with you?". If it had happened prior to the age of 15 the ACE was coded as experienced if the answer was "yes" to any of the four questions, irrespective of whether it was of their own free will. If it had happened from the age of 15 until the 18th birthday it was only coded as experienced if it had happened against their own free will. This alteration on age dependence was made in accordance with Swedish legislation on sexual offence.
Emotional neglect consisted of the two questions: "How often did you feel that no one in your family loved you or thought you were important or special?" and "In your family people did not look out for each other, feel close to each other or support each other?" (merged from five questions in the original). One point was given for each step in the five-level scale, thus the total score for the two questions ranged from two to 10. The ACE was coded if the total score was six or more.
Physical neglect consisted of the two questions: "How often did you not have enough to eat, had to wear dirty clothes or did not know there was someone to take care of you?" and "How often were your parents too drunk or high to take care of you or take you to the doctor if you needed it?" (merged from five questions in the original). Coding was performed in the same way as emotional neglect but with a total score of four or more considered as experienced.
Domestic violence consisted of questions asking how often a father, stepfather or mother's partner did anything of the following towards the mother/stepmother: "Pushed, grabbed, slapped or threw something at her?"; "Kicked, bit or hit her with a fist or something hard?"; "Repeatedly hit her over at least a few minutes?"; "Threatened her with a knife or firearm, or used a knife or firearm to hurt her?". The same questions were asked whether a mother, stepmother or father's partner had done any of the four listed actions towards the father/ stepfather. ACE was coded if the answer to any of the first two questions was sometimes, often or very often, or any other answer than "never" to the third or fourth question, either the mother or the father being the victim.
Statistical analyses
Summary statistics were calculated using standard methods, with frequencies for the categorical variables and mean, median and standard deviation for continuous ones. Simple and multiple linear regression methods were used for analyses with the accumulated ACE as the dependent variable and antenatal DS as the independent variable. Confounding variables were then added based on previous research on risk factors for antenatal depressive symptomatology. Confidence intervals of 95% and p-values <0.05 were considered statistically significant. Multicollinearity was calculated in the regression analysis by the variance inflation factor (VIF)-concept. The analysis of non-response bias regarding those who responded to Q1 and Q3 when compared with those who responded to Q1 but not to Q3 used Student's t-test for continuous variables, Wilcoxon signed rank test for ordinal variables and Chi-square test for dichotomous variables. Statistical analysis was performed using the SAS program package version 9.4 (SAS Institute, Cary, NC, USA).
Ethics approval
The study was approved by the Regional Ethics Board in Uppsala, Sweden (Dnr 2010/085).
Results
The characteristics of the women included and nonresponders are presented in Table 1 .
The number and proportion of women by each separate ACE category is shown in Table 2 . A total of 736 (58.8%) women reported at least one ACE category and 88 women (7%) reported ≥5. The proportion of women by number of accumulated ACEs is shown in Figure 1 .
In all, 1188 women responded to the EPDS section in Q2 and the median of the total EPDS score was 5 (25th and 75th percentiles 2 and 9). Of these, 116 women (9.8%) had probable depression. A total of 1256 women responded to EPDS in Q3. The median of the total EPDS score was 4 (25th and 75th percentiles 2 and 8) and 115 women (9.2%) had probable depression. There was a correlation between EPDS score in Q2 and EPDS score in Q3 (Spearman's q = 0.54, p < 0.0001). Among the 116 women with probable depression in Q2, 33 (28%) reported probable depression in Q3.
Possible associations between total EPDS score in Q3 and the number of accumulated ACE scores as well as sociodemographic factors are displayed in Table 3 . In the simple regression analyses, accumulated ACE score, cigarette smoking before pregnancy, body mass index, psychiatric and somatic disorder were positively associated with the total EPDS score and inversely associated with education. An increase by one accumulated ACE score displayed an increase of the EPDS score by 0.53 (SE 0.07) (Figure 2 ). In the multiple regression analysis, accumulated ACE score and previous psychiatric disorder were positively and education inversely, and all independently, associated with the total EPDS score ( Table 3 ). The R 2 of the full model was 0.08 and p < 0.0001. There was no indication of multicollinearity (1.01 < VIF < 1.09).
The mean number of ACE categories was higher (3.6, SD 2.7) among women with probable depression both ante-and postnatally when compared with probable depression either ante-or postnatally (1.3, SD 1.7, p < 0.0001).
Subanalyses of possible association between each of the 10 separate ACE categories and total EPDS score in simple regression analyses displayed that all separate ACE categories except parental separation (b = 0.32, p = 0.27) were positively associated with the EPDS score (1.39 < b ≤ 3.46, 0.002 < p < 0.0001).
With total EPDS score in Q3 as the dependent variable and each separate ACE category competing with each other in a multiple regression analysis, physical abuse, sexual abuse, emotional neglect, an incarcerated household member and household substance abuse remained positively associated to the total EPDS score and divorce negatively. There was no indication of multicollinearity (1.10 < VIF < 1.37). Among the 7.1% of the women with an accumulated ACE score ≥5, the odds ratio of having probable depression in Q2 was 4.2 (confidence interval 2.5-7.0) with a concordance of 19, with accumulated ACE <5 as reference (p < 0.000).
Discussion
At least one ACE was reported by more than half of all participating women, in accordance with previous studies on ACE prevalence (9, 17) . The most common ACE categories were parental separation, physical abuse and physical neglect. The number of ACE categories was independently associated with DS in late pregnancy in a dose-response fashion after adjusting for possible confounding factors. This confirms previous research that higher numbers of ACEs are related to increased risks for poor health outcomes (9, 17) . The results underline that experiences during childhood could still affect people's lives and health decades later (17, 26) . In addition, the high prevalence of ACE emphasizes the importance of asking about violence and neglect in childhood as a complement to questions about intimate partner violence (27) .
The association between ACE and DS was stronger than for other exposure variables, suggesting that ACE Figure 1 . Proportion of women by the sum of adverse childhood experience categories they have experienced. might be a strong risk factor in the development of antenatal depression. Chung et al. reported similar results but also showed how another factor, reported positive influences in childhood (PICs), decreased the risk for depression among those with ACEs (9) . When examining the independent association of each single category of ACEs and depression, the experience of parental separation/ divorce during childhood had an opposite pattern in comparison with the other ACEs, indicating that separation in this population does not in itself have an impact. The effect of parental divorce on children is dependent on time and cultural context. A Swedish study of people born during the 1970s-1980s showed that the experience of parental divorce in childhood was not an indicator of a greater likelihood of psychiatric or somatic poor health among adults. This is in line with the results of the present study of women born during the 1980s as compared with results of participants in the original ACE study who were born in the 1940s (28) . The mechanisms behind the association between ACE and antenatal DS involve a complex web of experiences developed over several years. Neurobiological and psychosocial explanations with both cognitive and biological vulnerability may be conducive to this development (14, 29) . Early life experiences trigger epigenetic modifications that effectively alter brain structure by changing gene transcription (30) . Theories also include unfavorable coping strategies, negative interaction between genetics and environment, and dysregulation of the hypothalamus-pituitary-adrenal axis, resulting in predisposition to depression later in life (29) . Attachment theory provides a psychological explanation and has lifelong impact, since it refers to the framework within which individuals perceive stressful situations, the actions of others and the capacity to influence their own situation (12) . The finding that ACE predicts reporting of DS both ante-and postnatally, corresponds with a prior study by McDonell and Valentino (31) and emphasizes the importance of addressing DS and ACE already in the antenatal period to prevent long-term risks of the child developing emotional problems, symptoms of ADHD and cognitive developmental problems in the future (32) .
Strengths of the study comprised the validated and frequently used questionnaires, and the low level of missing values among the exposure and outcome variables. The EPDS questionnaire is thoroughly validated for antenatal depression in both Swedish and international studies, allowing comparability between antenatal and postpartum symptoms of depression (23) (24) (25) . In contrast to many other studies (14) , the results also consider the impact on DS by previous psychiatric diagnoses.
One limitation of the study was that the final response rate was only 23% and that those who did answer the third questionnaire represented a more advantaged group. Although the study group was demographically representative in terms of financial position, it represented a group with a more advanced level of education and a lower proportion of women with foreign origin when compared with the total population of women in this age group in Sweden at this time point (33) . Because of this selection bias, the true prevalence of ACE may have been underestimated and resulted in a weaker association to DS than among that of the general population (34) . Another decreased association could also be caused by an underestimation of the outcome level of DS caused by the lack of information about antidepressant usage. Finally, the retrospective design of the study might pose a risk that the results may underestimate the true prevalence of ACEs due to recall bias. It is not possible to remember what happened in the first years of life. Issues of ACEs might also be sensitive to deal with and therefore not reported to their full extent (9, 17, 35, 36) . In contrast to these assumptions of underestimation it might be assumed that reports of childhood adversities in retrospective studies might be affected by mood at screening point, resulting in overestimation of the true incidence of ACE in the case of depression. However, Hardt and Rutter (36) have claimed that any bias in retrospective studies does not originate from the effects of mood state and that reports of ACEs are sufficiently valid to be used in case-control studies (9, 17, 33, 34) .
Conclusions
ACE was commonly reported and associated to depressive symptomatology in late pregnancy in a dose-response manner. Women with several ACEs had high odds of depressive symptomatology and ACE was associated with reporting DS both antenatally and postnatally. It is important that maternal and child care clinics also include the emotional state of the women and its precursors. If the effects of ACEs could be minimized, it would be possible to reduce maternal depression and the suffering it implies, as well as the long-term risks for the child.
